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Summary
Objective: To determine the epidemiology of the nasal carriage of Staphylococcus
aureus and its susceptibility pattern among preclinical medical students at the HRH
Princess Maha Chakri Sirindhorn Medical Center, Srinakharinwirot University.
Methods: Nasal swabs were taken from 128 preclinical medical students prior to
working at the hospital. Susceptibility testing of S. aureus was performed using
Kirby Bauer’s disc diffusion method.
Results: Of the 128 participants, 38/128 (29.7%; 95% conﬁdence interval [CI] = 21.8%,
37.6%) were carriers of S. aureus. No methicillin-resistant S. aureus was detected
by the cefoxitin disk diffusion test. Resistance of S. aureus to erythromycin,
clindamycin, tetracycline, chloramphenicol and fusidic acid was observed at the
following rates: 63.2% (95% CI; 47.8%, 78.5%), 63.2% (95% CI; 47.8%, 78.5%), 34.2%
(95% CI; 19.1%, 49.3%), 2.6% (95% CI; −2.5%, 7.7%) and 2.6% (95% CI; −2.5%, 7.7%),
respectively. There was no statistically signiﬁcant correlation between nasal carriage
of S. aureus and possible risk factors.
Conclusions: The prevalence of asymptomatic nasal carriage of S. aureus was higher
than reported by previous literature in Thailand, and S. aureus isolates exhibited
relatively high resistance to erythromycin and clindamycin.
© 2013 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
Ltd. All rights reserved.
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oth healthy individuals and individuals with under-
ying diseases. Rates of nasal colonization with
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tasal carriage and antimicrobial susceptibility of St
. aureus have been reported to range from 6.3
o 17.8% and 18.2 to 43.8% in the general popu-
ation and healthcare workers, respectively [1—5].
ulnerable populations of carriers who are prone
o infection are children in daycare, members of
port teams, prisoners and soldiers. The anterior
ares are ecological mediums for S. aureus and
ther microorganisms, such as Propionibacterium
pp., Corynebacterium spp., Enterobacter spp.,
oagulase-negative Staphylococci (CoNS), Strepto-
occus pneumoniae andMoraxella catarrhalis [6,7].
n addition to these bacteria, methicillin-resistant
. aureus (MRSA) is also found in the nasal vestibules
f both healthy persons and healthcare workers
3,5,8,9]. Transmission from person to person or
rom healthcare workers to patients is a major con-
ern.
Nasal carriage of invasive human pathogens
as been associated with increased incidences of
nfection and morbidity. A study of the risks and
utcomes of nosocomial S. aureus bacteremia in
asal carriers concluded that at least 80% of S.
ureus bacteremia was identical to a nasal car-
ier strain revealed as endogenous by genotyping
10]. Nasal colonization of S. aureus was also rel-
vant in the occurrence of impetigo in children
11]. In healthy subjects during long-term follow-
p, approximately 20% of subjects were identiﬁed
s persistent carriers, 60% were intermittent carri-
rs, and the remaining subjects almost never tested
ositive for S. aureus [12].
Over the past decade, reports of MRSA in
ommunity have increased in persons without
ealthcare-associated risk factors. This has been
hallenged by the emergence of community-
ssociated MRSA (CA-MRSA). The presence of
A-MRSA was conﬁrmed by the presence of the
maller methicillin-resistant element known as the
taphylococcal cassette chromosomemec (SCCmec)
ype IV and the Panton-Valentine leukocidin (PVL),
long with susceptibility to non -lactam antimicro-
ial agents; healthcare-associated MRSA (HA-MRSA)
trains were identiﬁed by the presence of the larger
CCmec element types I, II or III [13,14].
A report on MRSA in healthy Thai adults revealed
1% prevalence of MRSA in nasal carriage and noted
hat these isolates were positive for SCCmec type II,
hich is associated with the strain found in health-
are personnel [3]. Currently, there have been few
eports in Thailand on the prevalence of nasal colo-
ization and the antibiotic susceptibility patterns of
. aureus and MRSA in the community; particularly
bsent are studies in medical students prior to con-
ucting their clinical rounds in hospitals where the
isk of colonization by MRSA is the highest [3,15].
herefore, this study focused on determining the
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a
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pidemiology of nasal carriage of S. aureus among
reclinical medical students and its antibiotic sus-
eptibility patterns.
aterials and methods
tudy design and subjects
his study was designed as a cross-sectional study.
ubjects who enrolled were all healthy, third-year,
reclinical medical students at Srinakharinwirot
niversity, HRH Princess Maha Chakri Sirindhorn
edical Center, Thailand. Nasal swabs were taken
n March 2012, prior to beginning their work at
he hospital. Exclusion criteria included respi-
atory infections requiring hospitalization and/or
current skin infection up to 4 weeks before
asal swab collection. Demographic data were col-
ected, including age, gender, underlying diseases,
ntibiotic usage in the last 4 weeks, previous hos-
italization, hand washing habits, bathing habits
nd sharing of personal belongings. These data
ere recorded for the assessment of risk fac-
ors. This study was reviewed and approved by
he appropriate institutional review boards and
thics committee of the HRH Princess Maha Chakri
irindhorn Medical Center. All participants provided
etters of consent before enrolling in this study.
ample collection and antimicrobial
usceptibility testing
amples collected from both anterior nasal
estibules were transported using Stuart’s trans-
ort media. Collection was performed using a
oist cotton swab with a rotating technique in
oth anterior nasal vestibules. Microorganisms were
solated by culturing swab samples on 5% sheep
lood agar, chocolate agar, mannitol salt agar
nd MacConkey’s agar; growth was examined after
4—48 h. Colony-forming morphology on culture
lates, Gram staining, catalase production and tube
oagulase tests were used to identify the type of
icroorganisms that grew on each medium type.
Susceptibility testing of S. aureus was per-
ormed using Kirby Bauer’s disc diffusion method
ccording to the Clinical and Laboratory Stan-
ards Institute (CLSI) guidelines from 2012 [16].
. aureus ATCC 25923 was used as a con-
rol strain. The following antibiotics were used:
iproﬂoxacin (5mcg), gentamycin (10mcg), chlor-
mphenicol (30mcg), co-trimoxazole (25mcg),
etracycline (30mcg), erythromycin (15mcg), clin-
amycin (2mcg), fosfomycin (50mcg), fusidic acid
(
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(10mcg) and linezolid (30mcg). Inducible clin-
damycin resistance was detected by the double disk
diffusion test (D test), which was conducted by
placing clindamycin and erythromycin disks 15mm
apart [16]. The cefoxitin disk diffusion test was
used for detection of MRSA strains according to CLSI
guidelines from 2012 [16].
Statistical analysis
All data were analyzed using SPSS version 11.5.
The prevalences of S. aureus and MRSA were
estimated with 95% conﬁdence intervals. The cor-
relation between each independent variable was
determined using the Chi-square test for signif-
icance. Statistical signiﬁcance was identiﬁed as
P < 0.05.
Results
A total of 128 participants enrolled in the study,
with a mean age of 20.9± 0.9 years old; most
of the subjects were female (58.6%). All par-
ticipants were colonized with microorganisms in
their nasal vestibules. S. aureus was isolated from
38 participants, yielding a colonization rate of
29.7% (95% conﬁdence interval [CI]; 21.8%, 37.6%).
Within this cohort, bacterial growth was charac-
terized as numerous, moderate, few and rare on
plate cultures corresponding to 17.2% (95% CI;
10.7%, 23.7%), 3.1% (95% CI; 0.1%, 6.1%), 6.3%
a
6
4
−
Figure 1 Overall nasal colonization in participants. (CoNS; co
siella spp. (n = 1), S. aureus with Corynebacterium spp. (n = 1
CoNS with Corynebacterium spp. (n = 10), Klebsiella spp. (n =
and Proteus spp. (n = 1). (d) CoNS with Klebsiella spp. and Cor
Citrobacter koseri (n = 1), CoNS with Proteus spp. and CoryneA. Treesirichod et al.
95% CI; 2.1%, 10.4%) and 3.1% (95% CI; 0.1%,
.1%) of S. aureus-colonized patients, respec-
ively. The overall rate of nasal colonization by
. aureus accompanied by other microorganisms
s summarized in Fig. 1. In this study, coagulase-
egative Staphylococci, Corynebacterium spp.,
lebsiella pneumoniae, Citrobacter koseri, Entero-
acter spp., Klebsiella oxytoca and Proteus spp.
ere isolated in 76.6% (95% CI; 69.2%, 83.9%), 10.2%
95% CI; 4.9%, 15.4%), 7.0% (95% CI; 2.6%, 11.5%),
.9% (95% CI; 0.5%, 7.3%), 3.1% (95%CI; 0.1%, 6.1%),
.8% (95% CI; −0.7%, 2.3%) and 0.8% (95% CI; −0.7%,
.3%) of participants, respectively. In participants
ith Klebsiella spp. isolates, two out of 10 partici-
ants had a history of antibiotic use up to 4 weeks
rior to sample collection. These were identiﬁed
s oﬂoxacin for the treatment of cystitis and amox-
cillin for the treatment of acne.
In this study, we detected no MRSA strains by the
efoxitin disk diffusion test. There was no statisti-
ally signiﬁcant correlation between nasal carriage
f S. aureus and the documented demographic
isk factors (gender, underlying diseases, antibi-
tic usage in last 4 weeks, previous hospitalization,
and washing habits, bathing habits and the sharing
ersonal of belongings, P > 0.1). The susceptibility
roﬁle analysis of S. aureus isolates is shown in
ig. 2. Resistance of S. aureus to erythromycin, clin-
amycin, tetracycline, chloramphenicol and fusidic
cid was observed for 63.2% (95% CI; 47.8%, 78.5%),
3.2% (95% CI; 47.8%, 78.5%), 34.2% (95% CI; 19.1%,
9.3%), 2.6% (95% CI; −2.5%, 7.7%) and 2.6% (95% CI;
2.5%, 7.7%) of isolates, respectively. No resistance
agulase-negative Staphylococci) (a) S. aureus with Kleb-
). (b) S. aureus with CoNS and Klebsiella spp. (n = 1). (c)
6), Citrobacter koseri (n = 4), Enterobacter spp. (n = 3)
ynebacterium spp. (n = 1), CoNS with Klebsiella spp. and
bacterium spp. (n = 1).
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iigure 2 The susceptibility patterns of the 38 S. aureus i
t Srinakharinwirot University.
as detected against gentamycin, ciproﬂoxacin,
o-trimoxazole and linezolid. Intermediate sensi-
ivity of S. aureus to fosfomycin was observed
n 2.6% (95% CI; −2.5%, 7.7%) of participants.
nducible clindamycin resistance was also identiﬁed
n one of 24 erythromycin-resistant isolates.
iscussion
. aureus has long been recognized as a viru-
ent pathogen and a leading cause of infection in
oth children and adults. The rapid emergence of
RSA over the past several years was observed in
oth community- and healthcare-associated popu-
ations, complicating prospective MRSA treatments.
ata on the global prevalence of nasal coloniza-
ion with S. aureus and MRSA has been reported
1—5,17]. In Thailand, there have been few studies
f S. aureus carriage published in the literature.
his study demonstrated that 29.7% of healthy,
hird-year, preclinical medical students at Sri-
akharinwirot University carried S. aureus, and
here was no MRSA carriage that could be indicated
s a community group. In comparison to a previous
eport, Kitti et al. reported prevalences of 15% for
. aureus and 1% for MRSA nasal carriage in healthy
oung Thai adults. These MRSA carriers were asso-
iated with healthcare risk factors and contained
CCmec type II. At Siriraj hospital, a tertiary care
enter, S. aureus prevalence was 66.9% in hospital-
zed patients; of these, MRSA and CA-MRSA were
dentiﬁed in 41.5% and 0.9% of patients, respec-
ively [15]. A study conducted on a population of
reclinical medical students in China also reported
prevalence of 23.1% for S. aureus and 9.4% for
RSA nasal carriage with SCCmec type IVa [18]. This
r
h
d
otes from healthy, third-year, preclinical medical students
RSA carriage may be contributing to the spread of
RSA between the community and hospital popula-
ions.
In this study, the cefoxitin disk diffusion test
as used to screen for MRSA because cefoxitin is
potent inducer of the mecA regulatory system
19]. CLSI guidelines from 2012 recommended the
efoxitin disk diffusion test for the detection of
RSA. However, conﬁrmation of CA-MRSA or HA-
RSA requires identiﬁcation of the speciﬁc SCCmec
ype, which has been bacterially contained.
Antimicrobial resistance in S. aureus has become
n increasingly prevalent problem [20]. In this
tudy, antibiotic susceptibility tests revealed that
. aureus remained sensitive to most antibiotics,
ut there was a high rate of resistance against
rythromycin and clindamycin. We also observed
nducible clindamycin resistance in this study.
he reported prevalence of erythromycin-resistant
. aureus varies between previous studies. The
ates of erythromycin-resistant S. aureus were
6.7—29.9%, varying according to different sit-
ations [3,21]. These high resistance rates are
oncerning in patients with staphylococcal infec-
ions who are allergic to penicillin. Simultaneously,
usceptibility test data showed that 100% of the
. aureus isolates from this study were sensi-
ive to ciproﬂoxacin, gentamycin, linezolid and
o-trimoxazole. This test also revealed the high
usceptibility of S. aureus to chloramphenicol,
osfomycin and fusidic acid. The antimicrobial sus-
eptibility proﬁle of S. aureus has been different
n several previous reports and depended on the
esistance proﬁles in both the community and
ealthcare worker groups [22,23]. Therefore, this
ata should be considered for inclusion in epidemi-
logic datasets for both areas.
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coccus aureus infections and the prevalence of infec-
tion caused by community-acquired methicillin-resistant200
We observed that nasal microorganisms in our
study were gram-negative bacteria. In particular,
Klebsiella spp. and C. koseri, which are usually
found as nosocomial pathogens, were isolated from
participants with histories of antibiotic use up
to 4 weeks prior to sample collection. Recently,
extended-spectrum -lactamase in gram-negative
bacteria has also become a major problem [24].
The potential role of nasal colonization as a reser-
voir for future infections remains unclear. Most
of them could be associated with the transmis-
sion of microorganisms and the cause of invasive
diseases, especially in immunocompromised hosts.
To control the spread of bacteria, it is impor-
tant to understand the epidemiological relationship
between these organisms. Further study on the
role of this type of microorganism colonization is
needed.
While various demographic risk factors were
explored, there were no statistically signiﬁcant cor-
relations between S. aureus and the risk factors.
However, the routine of health sanitation is still
recommended, especially in healthcare workers. In
the long-term follow up study, no participants were
persistent carriers of S. aureus [12]; carrier status
changed and decreased over time. Thus, we will
conduct a follow-up study to determine the con-
version rates of colonization of S. aureus and MRSA
in medical students after working at the hospital as
healthcare workers who could have potential high
risks for future MRSA colonization.
In summary, the prevalence of asymptomatic
nasal carriage of S. aureus was higher than noted
in previous studies in Thailand. Those same stud-
ies reported high resistance to erythromycin and
clindamycin. Further studies on the longitudinal
course of colonization and the role and cost effec-
tiveness of nasal eradication in carriers should be
performed.
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